Three new aaptamine-type alkaloids, 2,3-dihydro-2,3-dioxoaaptamine (1), 6-(N-morpholinyl)-4,5-dihydro-5-oxodemethyl(oxy)aaptamine (2) and 3-(methylamino)demethyl(oxy)aaptamine (3), along with known aaptamines were isolated from the sponge Aaptos sp. Their structures were determined on the basis of detailed analysis of their 1D and 2D NMR spectroscopic and mass spectral data. The isolated compounds induced apoptosis in human leukemia THP-1 cells.
The genus Aaptos comprises about 20 species of sponges that are mostly known as a rich source of benzo[de] [1, 6] -naphthyridine alkaloids (aaptamines) possessing antioxidant [1] , antiviral [2] , antimicrobial [3] , antifungal [4] , antiparasitic [5] , cytotoxic [3a,3b,6] , and other activities [7] . The various and interesting bioactivities of these compounds have raised a high interest in their syntheses and the preparation of derivatives [7] . During our search for anticancer metabolites from marine organisms [8] [9] [10] , we recently isolated a new aaptamine derivative [10] from the Vietnamese sponge Aaptos sp. In this paper we report the results of a study on another collection of a sponge belonging to the same genus which has resulted in the isolation of three new benzo[de] [1, 6] -naphthyridine alkaloids, namely 2,3dihydro-2,3-dioxoaaptamine (1), 6-(N-morpholinyl)-4,5-dihidro-5-oxo-demethyl(oxy) aaptamine (2) and 3-(methylamino)demethyl(oxy)aaptamine (3), along with the known 3-(phenethylamino)demethyl-(oxy)aaptamine (4) [11] , 3-(isopentylamino)-demethyl(oxy)aaptamine (5) [11] , demethyl(oxy)-aaptamine (6) [3a] and aaptamine (7) [12] .
Compound 1 was obtained as a yellow amorphous solid, the molecular formula for which was established as C 13 13 C NMR spectroscopic data for 1 and 2 in CD 3 OD. with literature data for known bis indol alkaloids containing an unusual α-keto enamide functionality [13] and aaptanone, having a rare oxygenated 1,6-naphthyridine core [14] . This suggestion was in agreement with IR data (two carbonyl bands at 1697 and 1714 cm -1 ) and an ESI MS/MS experiment, where MS/MS fragmentation of the [M+H] + ion gave a daughter ion at m/z 187 indicative of the loss of a C 2 H 2 NO 2 fragment. Thus the structure of 1 was determined as 2,3-dihydro-2,3-dioxoaaptamine, the first naturally occurring 2,3-disubstituted aaptamine alkaloid. Earlier, compound 1 was obtained during attempts at the synthesis of aaptamine [15] .
The molecular formula of 2 was determined as C 16 9 in the 13 C NMR spectrum were similar to the characteristic 8-OMe and C-9 carbonyl signals observed in demethyl(oxy)aaptamine [3a] . Detailed analysis of the 1D and 2D NMR spectra (Table 1 ) allowed us to establish a modified demethyl(oxy)-aaptamine core substituted at C-5 and C-6, and confirm the position of aromatic protons at C-2, C-3 and C-7. In addition, signals for four methylene groups at δ 3.70 (4H, m) and 3.88 (4H, m) in the 1 H NMR spectrum and δ 54.3 and 68.9 in the 13 C NMR spectrum resembled signals for the morpholinyl fragment in 3-(N-morpholinyl)-9-demethyl(oxy)aaptamine [10] . The quaternary carbon at δ 162.4 did not show any correlations in the HMBC spectrum and was assigned to the amide carbonyl carbon. This supposition was in agreement with the IR absorption band at 1716 cm -1 and literature data [14] . Thus, the structure of 2 was determined as 6-(N-morpholinyl)-4, 5-dihydro-5-oxodemethyl(oxy)aaptamine.
Only few substituted morpholine derivatives have so far been isolated from marine sources [16] . The first morpholinyl fragment in an aaptamine-type alkaloid was recently reported in another collection of Aaptos sp [10] .
Alkaloid 3 was obtained as an orange amorphous solid and its molecular formula was established to be C 13 H 11 N 3 O 2 from the [M + Na] + ion at m/z 264.0768 (calcd for C 13 H 11 N 3 O 2 Na, 264.0743) in the HRESIMS (positive ion mode). 1 H and 13 C NMR data of 3 (Table  2) were similar to those of 4 and 5 [11] showing the same C-3 substituted benzo[de] [1, 6] -naphthyridine moiety. The difference was in the NMR signals of a substituent. A methylamino group at C-3 was deduced from signals at δ 3.22 (3H, s) in the 1 H NMR (CD 3 OD) and δ 29.6 in the 13 C NMR spectra. The 1H multiplet at δ 7.0 in the 1 H NMR spectrum recorded in CDCl 3 and its 1H-1H COSY correlation with H-2', as well as the IR absorption band at 3400 cm -1 confirmed the presence of NH. Again, the J 3 HMBC correlation from H 3 -2' to Aaptamine-type alkaloids from the sponge Aaptos sp.
Natural Product Communications Vol. 5 (12) 2010 1883 C-3 confirmed the connection of the methylamino substituent to the benzo[de] [1, 6] -naphthyridine moiety at C-3. Based on these data, the structure of 3 was assigned as 3-(methylamino)-demethyl(oxy)aaptamine.
We have studied the apoptosis inducing activity of alkaloids 1-7 and isoaaptamine. The substances were found to induce a dose-dependent apoptosis of human leukemia THP-1 cells. Isoaaptamine was shown to be the most active inducer of apoptosis (34% of early and 62% of late apoptosis at 12.5 μM concentration), whereas alkaloids 2 and 5 were the least active (89% and 80% of total apoptosis at 320 and 400 μM concentration, respectively). By comparison of the activity of compounds 3 (40% of early and 56% of late apoptosis at 208 μM concentration) and 5 (38% of early and 42% of late apoptosis at 400 μM concentration), it was concluded that the apoptosis inducing activity of the substances studied decreased with an increase of the side chain length at position 3.
Experimental
General: NMR, Bruker Avance III-700 spectrometer; IR, Bruker Vector 22 spectrophotometer; UV, UV-1601 spectrophotometer (Shimadzu); HREIMS, AMD-604S (Intectra, Germany) mass spectrometer. Low pressure column liquid chromatography was performed using Polichrom-1 (powder Teflon, Biolar, Latvia) and silica gel KSK (50-100 μm, Sorbpolimer, Russia). HPLC was performed using a Shimadzu LC-10 AD instrument equipped with an UV-Vis detector and a Develosil ODS-UG-5A (250×4.6 mm) column.
